The aim of this study was to evaluate effects of free ferulic acid (FA) supplementation on productive performance, some blood metabolite concentrations, and carcass characteristics of ewe lambs finished in a feedlot. Dorper × Pelibuey ewe lambs (n = 20; BW = 28.5 ± 0.5 kg; age = 5 mo) were individually housed in pens and assigned under a randomized complete block design to the following dietary treatments (n = 10): daily feeding without (control) or with 300 mg of FA/ animal. The feedlot feeding period lasted 34 d and then all ewe lambs were slaughtered. Free FA did not affect (P ≥ 0.16) BW gain, ADG, DMI, and G:F during the first 17 d, but BW gain (P = 0.10) and ADG (P = 0.10) tended to decrease for FA from d 17 to 34 and from d 1 to 34 without affecting (P ≥ 0.16) DMI and G:F in ewe lambs. Serum concentrations of glucose, cholesterol, triglyceride, total protein, and urea were not affected (P > 0.05) by FA at d 1, 17, and 34 of the feeding period. Carcass characteristics were not affected (P > 0.05) by FA. Stomach percentage tended (P = 0.08) to decrease and leg yields increased (P = 0.02) for FA. Other noncarcass components and wholesale cut yields were not affected (P > 0.10) by FA. In conclusion, FA supplementation did not improve productive performance, metabolic status, and carcass characteristics of ewe lambs receiving a feedlot finishing diet.
INTRODUCTION
Ferulic acid (FA) is a hydroxycinnamic acid classified as a phenolic component, which exists mainly in cell walls of plants, cereal grains, and fruits (Hernanz et al., 2001) . Naturally, the FA is covalently linked to lignin and polysaccharides by ester and ether bonds, and thereby provides rigidity, strength, and protection from attack of microorganisms to plants (Kroon and Williamson, 1999) . Furthermore, in its free form, FA is characterized as a bioactive compound that provides antioxidant properties for animals (Gladine et al., 2007; Roy et al., 2014) and humans (Manach et al., 2004; Ou and Kwok, 2004) , and recent studies reported that also acts as a growth promoter in beef cattle (González-Ríos et al., 2013) and pigs (Herrera et al., 2011) . In fact, compared with other natural antioxidant, this metabolite has proved be more effective to prevent lipid and protein oxidation (Rose et al., 2010) . In this sense, considering the beneficial properties of FA, some studies have suggested using it as dietary additive in the feeding of domestic animals to improve productive traits (Kroon and Williamson, 1999; Karami et al., 2010) . However, the greatest amount of information on use of free FA has been generated from laboratory animals.
In feedlot lambs, the cellular damage by effects of oxidative stress is elevated due to the high metabolic rate produced by processes such as development and growth, and consequently, an increase in the production of reactive oxygen species is expected (Nussey et al., 2009 ). Thus, oxidative stress conditions could adversely compromise the health status of sheep in the feedlot finishing phase, which would be reflected in a decrease of ADG, G:F, and carcass quality. We hypothesized that FA supplementation may represent an alternative to decrease oxidative stress and thereby improve performance in feedlot ewe lambs. Gladine et al. (2007) indicated that rumen microorganisms did not inhibit the bioavailability and antioxidant properties of polyphenols, finding an increase in the total antioxidant status of sheep treated with dietary phenols. Similarly, in mice subjected to gavage by 12 d with FA, You et al. (2010) reported greater protection against the inactivation of antioxidative enzymes in liver and muscle, and they concluded that FA provides a high enzymatic antioxidant capacity to animals. Although free FA has shown to stimulate the antioxidant capacity in sheep, its action as a growth promoter has not been studied in this species. Very little information has been reported regarding feedlot performance of lambs supplemented with FA, and furthermore, no reports are available on carcass characteristics, wholesale cut yield, or blood metabolite levels resulting from FA feeding in sheep. Therefore, the objective of this study was to evaluate effects of FA supplementation on productive performance, carcass characteristics, and some blood metabolite concentrations of ewe lambs finished in feedlot.
MATERIALS AND METHODS

Animal Care and Study Site
All animal care and management procedures involving ewe lambs were conducted within the guidelines of approved local official technique in México (NOM-051-ZOO-1995: humanitarian care of animals during mobilization; and NOM-033-ZOO-1995: slaughter of domestic and wild animals). The study was conducted during the spring at the Sheep Experimental Unit of the Instituto de Ciencias Agrícolas, at the Universidad Autónoma de Baja California (ICA-UABC), in the southeast of Mexicali Valley, northwestern México (latitude 114.6° and longitude 32.8°).
Animals and Pre-Experimental Management
A total of 34 Dorper × Pelibuey ewe lambs (4 mo of age) were received at the sheep unit 30 d before initiation of the experiment. Upon arrival, lambs were identified with a necklace, received a intramuscular injection of vitamins A, D, and E (Vigantol; Bayer, Mexico City, Mexico; 1 mL/animal), and were treated against internal and external parasites (Invermectin; Sanfer Laboratory, Mexico City, Mexico; 0.5 mL/animal). Also, all ewe lambs were housed in a single pen (6 by 8 m) and adapted to the basal experimental diet during the first 22 d after their arrival. On d 8 before beginning the experiment, ewe lambs were individually weighed and 20 were selected based on BW to be individually housed in pens equipped with a feed trough and fresh water. Table 1 shows ingredients and chemical composition of experimental basal diets.
Feedlot Performance
The feedlot performance phase lasted 34 d. On the first day of the phase, ewe lambs selected were weighed (28.5 ± 0.5 kg) and assigned to 1 of 2 treatments under a randomized complete block design (BW is the block block). Treatments were 1) basal diet without FA (control) and 2) basal diet supplemented with 300 mg of FA/ewe daily . To guarantee the total intake of the phenol compound in supplemented lambs, 111 g of FA (Acido Ferúlico, Laboratorios Minkab, S.A. de C.V., Guadalajara, Jalisco, México) was mixed with 10.9 kg of wheat meal, and 30 g/d of the mixture was offered to each ewe before the basal diet during the morning feeding. At the same time, ewes of the control group were fed only with 30 g/d of wheat meal. The health status of ewe lambs was monitored daily.
Water and feed were offered ad libitum during the morning (0700 h) and the afternoon (1700 h) on each day of the experimental period. The feed offered and refused was weighed and recorded daily. Likewise, 2 samples per week of feed offered were collected, dried in forced-air oven at 60°C for 24 h, and stored for later determination of chemical composition. Finally, all ewe lambs were individually weighed at the beginning, middle, and end of the feedlot phase, before the morning feeding. Lambs were fasted 12 h before recording the final BW. From data collected, ADG, total BW gain, DMI, and G:F were calculated for the following periods: d 1 to 17, d 18 to 34, and d 1 to 34.
Blood Metabolite Concentration
Blood samples were individually collected from all ewe lambs on d 1, 17, and 34 of the experimental period. Samples were collected in 10-mL vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) before the morning feeding by jugular venipuncture; 1 h later, blood samples were centrifuged at 3,500 × g for 15 min at 10°C. Serum was separated and stored in duplicate vials at -20°C for subsequent metabolite analysis (glucose, cholesterol, triglyceride, total protein, and urea). A blood auto-analyzer for veterinary use (Easy Kem Vet, KONTROLab Systems; Morelia, Mich, MX) was used to determine metabolite concentrations (glucose, cholesterol, and triglycerides).
Carcass Characteristics
At the end of the 34-d feeding period, ewe lambs were slaughtered in the meat laboratory of the ICA-UABC.
Feed and water were withdrawn 12 h before slaughter. At slaughter, blood was collected in plastic bags and weighed. Likewise, skin, head, feet, peritoneum, heart, liver, lungs, kidney, spleen, and KPH were removed from carcasses and weighed. Also, the gastrointestinal tract was weighed full and empty, to calculate gastrointestinal content. Mesenteric fat was also weighed. Additionally, HCW was recorded and carcasses were then chilled for 24 at 4°C to obtain cold carcass weight (CCW), carcass length, thorax depth, leg length and perimeter, and conformation based on the methodology reported by Smith et al. (2001;  numerical scale from 1 = bad to 10 = excellent). Each carcass was ribbed between the 12th and 13th to determine LM area using a dot square grid (64 mm 2 ). Backfat thickness was also measured at the same location. Finally, carcasses were divided into wholesale cuts following the methodology described by Avendaño-Reyes et al. (2011) : forequarter, neck, ribs, loin, and shoulder, hindquarter, legs, plane loin, and sirloin.
Cooling loss was calculated to express the difference between HCW and CCW as percentage of HCW, while dressing was calculated expressing HCW as percentage of empty BW (EBW). Noncarcass components also were expressed as percentage of EBW. The EBW was calculated by the difference between final BW and gastrointestinal content. Finally, wholesale cuts and KPH fat were expressed as a percentage of HCW.
Statistical Analysis
Overall feedlot performance, carcass characteristics, noncarcass components, and wholesale cut yields were subjected to variance analysis under a randomized complete block design. The same design was used for feedlot performance per periods and metabolite concentration but applying repeated measures over time. The model for these latter variables included effect of block, treatment, time, and the treatment × time interaction. All analyses were done with PROC MIXED of SAS (SAS Inst. Inc., Cary, NC). Significance was considered at P ≤ 0.05 and tendency when P > 0.05 and ≤0.10.
RESULTS
Effects of FA on performance of feedlot ewe lambs are shown on Table 2 . Body weight at d 17 was not affected (P = 0.43) by FA. Also, DMI and G:F were not affected (P ≥ 0.16) by FA during the overall experimental period or in each period (1 to 17, 18 to 34, and d 1 to 34). Although total BW gain (P = 0.62) and ADG (P = 0.62) were not affected by FA from d 1 to 17 of the feeding period, both variables tended (P = 0.10) to decrease in FA-fed lambs from d 18 to 34 and in general during the entire feeding period (d 1 to 34). Final BW also tended (P = 0.09) to be lower (3.5%) by effect of FA.
Figures 1 and 2 showed effects of FA on blood metabolite concentration. No significant FA × days on feed interaction or FA main effect (P ≥ 0.20) was observed for any blood metabolite. Blood cholesterol (P < 0.01) and urea (P = 0.02) concentrations were affected by days on feed. Blood cholesterol and urea were lower on d 1, intermediate on d 17, and greater on d 34 of the experimental period. However, days on feed of the diets supplemented with FA alone have little relevance according to the purpose of the study. Glucose, cholesterol, triglyceride, total protein, and urea were not affected (P ≥ 0.20) by FA on d 1, 17, and 34 of the feeding period.
Effects of FA on carcass characteristics are shown in Table 3 . Carcass characteristics (HCW, CCW, dressing, cooling loss, conformation, body fat, and carcass measures) were not affected (P ≥ 0.15) by FA.
Effects of FA on noncarcass components are shown on Table 4 . Stomach tended (P = 0.08) to decrease (10.2%) with FA, while other noncarcass components were not affected (P ≥ 0.14) by FA supplementation.
Effects of FA on wholesale cut yield are shown on Table 5 . Leg yield was greater (P = 0.02) for FA-fed ewe lambs than for control. Yields of forequarter, hindquarter, neck, shoulder, ribs, loin, leg, plain loin, and sirloin were not affected (P ≥ 0.15) by FA. 3 ME, NEm, and NEg were calculated using equations proposed by the NRC (1985) .
4 OM = organic matter.
DISCUSSION
Some studies have suggested that FA is a phenolic compound with anabolic effects (Herrera et al., 2011; González-Ríos et al., 2013) and antioxidant properties (Ou and Kwok, 2004; Gladine et al., 2007) for animals. In fact, the effects of FA on growth and carcass characteristics have been compared with the effects of zilpaterol hydrochloride in beef cattle (González-Ríos et al., 2013) . The present study hypothesis was that FA improves feedlot performance, carcass characteristics, and wholesale cut yield. However, results found in this study did not support our hypothesis because FA-fed ewe lambs tended to reduce their growth rate without altering carcass characteristics. Therefore, opposite to results found in other animal species, FA in sheep does not have an anabolic effect, at least using a dosage of 300 mg/d.
The action mechanism by which ferulic promotes growth of animals is unclear, but an increases in blood levels of GH (Gorewit, 1983) and testosterone (Talbott, 2003) have been suggested as a possible explanations, although Fry et al. (1997) and more recently Mösseler et al. (2010) reported no effect on muscle development and testosterone level in athletes or horses, respectively, by γ-oryzanol (a supplement rich in FA) supplementation. Both studies concluded that FA does not function as an anabolic compound in animals or humans. Consequently, our results contribute to support this idea. It is possible that in animals with high oxidative stress, the FA may work as growth promoter by improving their oxidative status (Mason, 2007) . Although no variable of oxidative stress were measured in this study, the presence of a low oxidative stress in ewe lambs used could help to explain why FA had no effect as a growth promoter. Future research with lambs at different oxidative status and supplemented with FA are necessary to support this hypothesis.
Results of our feedlot performance partially support findings of other studies with sheep (Gladine et al., 2007; Soberon et al., 2012 ) that reported no effect of FA on growth, G:F, and DMI. However, in this study, growth tended to be lower in ewe lambs supplemented with FA from d 18 until the end of the experiment, which was reflected on the overall feeding period. We have no clear explanation for this result. Studies done in vitro with ruminal fluid reported a inhibitory effect of FA on cellulose degradation and microbial growth, which was attributed to the capacity of this phenol to damage cellular membranes and to inactivate cell wall hydrolyzing enzymes (Chesson et al., 1982; Borneman et al., 1986) . In agreement with these authors, Marvin et al. (1996) found a negative correlation between FA released from maize cell walls in rumen and organic matter and cell wall digestibility. On the contrary, Jung (1988) argued that compared with in vitro, in vivo experiments are unlikely to observe a reduction in the rumen digestibility by FA effect, since the solubilized FA concentration obtained from the phenol-carbohydrate complex is low and rapidly detoxified by rumen bacteria. Nonetheless, in the present study, the free FA dose offered to the lambs was higher than that produced by the forage digestion in the rumen. In this sense, it is possible that free FA offered early in the study was efficiently detoxified by rumen microorganisms and therefore did not affect the growth of lambs; but then the ability to detoxify was reduced, a situation that negatively altered the growth dynamic of the microbial population and nutrient digestion. Therefore, we speculate that prolonged feeding periods with this compound could promote a reduction in rumen microbial population with time and, consequently, gradual negative changes in the diet digestibility and animal growth.
To our knowledge, this is the first study in sheep that reported effects of FA on blood metabolite concentrations. Ferulic acid did not affect glucose, cholesterol, triglyceride, urea, and total protein levels. Blood metabolite concentrations were within reference ranges (Kaneko et al., 2008) , suggesting that ewes used had an adequate health status. In general, alterations on blood metabolites by effect of FA were expected in ewe lambs, since previous studies stated that growing lambs have elevated oxidative stress due to accelerated metabolism (Nussey et al., 2009; Salar-Amoli and Baghbanzadeh, 2010) . This situation can lead to health problems in sheep and also provoke metabolic changes that reflect in imbalances of blood metabolite levels (Drackley, 1999) . In fact, in diabetic rats with high oxidative stress, Yoo et al. (2012) and Roy et al. (2014) reported that FA supplementation improved oxidative status while blood glucose and insulin concentrations returned to normal levels. Additionally, Yoo et al. (2012) found diminished levels of total and low density lipoprotein cholesterol cholesterol and no change on triglyceride in FA rats compared with control. In the present study, variables related to oxidative stress were not measured; however, based on previous reports on FA impact on blood metabolites in rats, we hypothesized that the oxidative status in our lambs was low because FA did not alter the metabolite concentration. Therefore, a low oxidative stress in ewe lambs may be responsible for the lack of effects of FA on blood metabolite levels. Therefore, at least at the level supplemented in this experiment, FA does not affect blood metabolites or growth performance.
Moreover, FA did not alter carcass characteristics with the only change being observed as an increase in leg yields. Therefore, these results suggest that FA has no anabolic function in ewe lambs as has been observed in beef cattle (González-Ríos et al., 2013) and in pigs (Herrera et al., 2011) . It is possible that effects of this (Gladine et al., 2007) , which explain the lack of FA effect on all carcass characteristics and on most wholesale cuts. Similarly, other studies found no improvements in carcass characteristics, noncarcass components, or wholesale yield by addition of whole plants or plant extracts with antioxidant properties to feedlot diets of sheep (Tavasoli et al., 2009; Omer et al., 2013) , male goats (Karami et al., 2010) , or steers (Zhou et al., 2014) . Future research is needed to determine why FA did not work as growth promoter in the present study. Specifically, more work is needed to determine what factors influence its efficacy in sheep.
In conclusion, free FA supplementation did not improve growth rates, G:F, carcass characteristics, and wholesale cut yields of ewe lambs fed finishing feedlot diets. Conversely, FA-fed ewe lambs tended to have lower ADG and total gain. Results of this study showed that FA has no anabolic action on ewe lambs consuming feedlot finishing diets. 
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